Nitrobenzenes are widely used in industry for making dyes, pesticides, medicines, and explosives, and also used as intermediates in many chemistry syntheses. 1 There are several probable sources for nitrobenzenes in different matrices, including oil spills, industrial and municipal effluents, and atmospheric input. Nitrobenzenes are toxic; for example, the 14-day LC50 values toward the guppy (Poecilia reticulzata) are 12.5 mg l -1 for 2,4-DNT and 18 mg l -1 for 2,6-DNT. 2 Because of the ecotoxicology of nitrobenzenes and their ubiquitous existence in the environment, they become a risk or threat to both the growth of animals and the health of humans. For these reasons, nitrobenzenes have been included on the list of priority pollutants in water environment of China. 3 Therefore, it is imperative to develop rapid and simple methods for their determination in different matrices.
Recently, liquidphase microextraction (LPME) or solvent microextraction was developed as a solvent-minimized pretreatment technique, which is fast, simple and inexpensive. 7, 8 This novel technique eliminates the disadvantages of conventional extraction methods, such as time-consuming operation and need to use specialized apparatus. Since very little solvent is used, there is minimal exposure to toxic organic solvent for the operator. At the same time, LPME combines extraction, concentration and sample introduction in one step. LPME technique has been discussed in several papers. 9, 10 It is based on the distribution effect of the analytes between a microdrop of organic solvent at the tip of a microsyringe needle and aqueous sample solution. The organic solvent drop is first exposed to the sample solution and target analytes are extracted from the sample matrix into the drop. After the equilibrium is reached, the drop with concentrated analytes is then transferred to the injection port of a gas chromatography for analysis. LPME has been successfully used for the determination of polycyclic aromatic hydrocarbons (PAHs), 11 organochlorine pollutants, [12] [13] [14] triazine herbicides, 15 cocaine and cocaine metabolites 16 so far. LPME was seldom used in the determination of nitrobenzenes in aqueous samples. Psillakis and Kalogerakis 17 determined nitroaromatic explosives in water samples with gas chromatograph mass spectrometer (GC-MS). However, they described that investigation of nitrobenzene was not possible because it co-eluted with the organic solvent during GC-MS analysis. Thus, effects of different dropsizes of extraction solvent on the extraction efficiency of nitrobenzenes were not compared. To our knowledge, the more common electron
In the present work, a novel method for the determination of nitrobenzenes in water has been described. It is based on nonequilibrium liquid-phase microextraction and gas chromatography-electron capture detection (GC-ECD). Extraction conditions such as solvent selection, organic solvent dropsize, stirring rate, content of NaCl and extraction time were found to have significant influence on extraction efficiency. The optimized conditions were 1.5 µl toluene and 20 min extraction time at 400 rpm stirring rate without NaCl addition. The linear range was 0.1 -50 µg l -1 for most nitrobenzenes. The limits of detection (LODs) ranged from 0.02 µg l -1 (for 2.6-DNT) to 0.4 µg l -1 (for NB); and relative standard deviations (RSD) for most of the nitrobenzenes at the 10 µg l -1 level, except for 2,6-DNT in 3 µg l -1 , were below 10%. Natural samples collected from Miyun Reservoir and tap water samples from a laboratory were successfully analyzed using the proposed method, but none of the analytes were detected. The relative recoveries of spiked water samples (at the 10 µg l -1 level except for 2,6-DNT in 3 µg l -1 ) were from 82.6 to 118.7%. capture detector (ECD) has not been used for the analysis of nitrobenzenes. The main purpose of this work is to apply nonequilibrium LPME for the simple and sensitive determination of nitrobenzenes in aqueous samples by GC-ECD. Effects of different dropsizes of extraction solvent on the extraction efficiency were also discussed. Factors affecting the performance of LPME have been studied and optimized.
Experimental

Material and reagents
Nitrobenzene (NB), 2,4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-DNT) and 1,2,4-trichlorobenzene standards were purchased from ChemService, Inc. (West Chester, PA, USA), and 2,4-dinitro-chlorobenzene (2,4-DNCB) was purchased from Beijing Chemical Plant. A fixed concentration of 1,2,4-trichlorobenzene internal standard (1 mg l -1 ) was prepared in the extraction solvents. Working solutions of nitrobenzenes were diluted using doubly distilled water. All solutions were stored at 4˚C in dark. Sodium chloride, isooctane, toluene, cyclohexane and n-hexane were analytical grade. Toluene was redistilled in all-glass system to remove impurities prior to use.
Water samples were collected in glass jars (250 ml) with screw caps and teflon inserts. Glass jars were carefully and completely filled. The samples were analyzed directly or stored at 4˚C within 48 h.
Instruments
A Varian 3740 A gas chromatograph (GC) equipped with a 63 Ni electron-capture detection system was used for all analyses. The GC was fitted with a SE-54 capillary column (40 m × 0.25 mm i.d., J&W Scientific Inc., USA). The gas chromatography (GC) conditions were as follows: injector temperature, 250˚C; detector temperature, 250˚C; oven temperature, 170˚C. Nitrogen of high purity served as carrier gas. A WDL-95 workstation (Dalian Inst. Chem. Phys, CAS, China) was utilized to control the system and for acquisition of analytical data. LPME procedure 13 A 4 ml vial with a stir bar was placed on a magnetic stirrer. LPME was performed with a commercially available 5 µl GC microsyringe (Shanghai, China). Before each extraction, the syringe was rinsed at least 20 times with solvent. The microsyringe was fixed above the extraction vials with a septum. After the needle passed through the septum, the needle tip was immersed into the 3 ml working solution and kept about 1 cm below the surface of the solution. Then 1.5 µl toluene containing 1 mg l -1 of I.S. was extruded out of the needle and kept suspending at the needle tip. During the extraction, the solution was stirred at 400 rpm. When the extraction time 20 min was finished, the drop was retracted into the syringe, which was removed from the sample vial. The plunger was then depressed to the 1 µl position, and the needle tip was cleaned carefully with a tissue to remove possible water contamination. Finally, the extract was injected into the GC injector and analysis was carried out.
Results and Discussion
Like SPME, static LPME is a process dependent on equilibrium rather than exhaustive extraction. 13 The principle behind both LPME and SPME is the partitioning of analyte between the sample matrix and the extraction medium. In LPME as discussed for SPME 18 by Ai, when the partition equilibrium is reached, the amount of extracted analyte can be expressed as follows:
Here, n is the amount of the analyte extracted by extraction solvent when partition equilibrium is attained. Kodw is the organic drop-water distribution constant. C0 is the initial concentration of the analyte in the sample matrix. Vd and Vs are the volumes of the drop and the sample, respectively. The above equation is based on the assumption that the partition equilibrium of analyte between the sample matrix and the extraction solvent is established in the LPME process. In reality, LPME sampling may not reach partition equilibrium when a shorter sampling time is applied. In this case, Eq. (1) is not valid. An improved model was proposed by Ai 18 to handle the nonequilibrium situation of SPME, which can be used for LPME. According to this improved model, a direct relationship exists between the amount of the analyte extracted by LPME, the extraction time and the initial concentration of analyte in the sample.
This relationship indicates that the LPME quantification is feasible under nonequilibrium conditions, provided LPME conditions and the extraction time are held constant.
Optimization of extraction conditions
In order to obtain the optimized extraction conditions, the ratio of peak area of analyte and that of internal standard as the GC response (relative peak area) is used to evaluate the extraction efficiency under different conditions.
Choosing the suitable extraction solvent is very important for achieving best extraction efficiency of the target compounds. Two factors should be considered. 15 First, the solvent must be immisicible with water. Second, the organic material should have excellent gas chromatographic behavior. On the basis of these considerations, isooctane, toluene, cyclohexane and nhexane were compared under the same conditions (for a sampling volume of 1.5 µl). As seen from Fig. 1 , toluene can achieve higher extraction efficiency than other solvents. The main reason is that toluene and nitrobenzenes have similar structure, which comply with the extraction principle "like dissolves like". Therefore, toluene was selected for subsequent experiments. The effects of dropsize on the extraction of nitrobenzenes were examined in the range of 1.0 to 5.0 µl. Figure 2 shows that the relative peak areas of 2,6-DNT and 2,4-DNT decrease with toluene dropsize in the range of 1.0 -5.0 µl, while those of NB and 2,4-DNCB increase with toluene dropsize in the range of 1.0 -1.5 µl and then decrease when the dropsize was increased to 5.0 µl. On the basis of these considerations, drop volume of 1.5 µl was considered in further experiments.
The next step was to optimize the stirring rate. It is clear that the relative peak areas of all analytes increase with increase of stirring rate in Table 1 . Although higher stirring speed (600 rpm) resulted in greater extraction efficiency, it also gave rise to instability of organic drop. Therefore, a stirring speed of 400 rpm was used for subsequent experiments.
Salting-out effect has been used universally in LLE. Generally, addition of a certain amount of salt can decrease the solubility of analytes in the aqueous sample and enhance their partitioning into the organic phase. Salting-out effect was assessed by the addition of NaCl. Figure 3 shows the effect of salt concentration on LPME efficiency of nitrobenzenes. An unexpected result is obtained that, for four nitrobenzenes, the salting out effect was always negative in the sodium chloride concentration range of 0 -0.3 g ml -1 . This behavior was also observed by Psillakis 17 and López-Blanco 19 in using the technique. They explained that NaCl dissolved in water might have changed the physical properties of the Nernst diffusion film and reduced the rate of diffusion of target analytes into the drop. On the basis of the above observations, no salt addition was performed in further experiments.
Effects of sampling time on the extraction efficiency were examined in the range of 0 -60 min. For all target analytes, GC response increased dramatically with increasing exposure time (Fig. 4) . The total amount of analytes (48.0 -85.6%) at equilibrium was obtained during the initial 20 min. After 50 min, the curves reached a plateau and no dramatic increase was observed with additional time.
Generally, the time for establishing equilibrium was selected as the extraction time because the amount of analyte extracted reached the bigger value at this time. For routine analysis, it is unnecessary to reach the equilibrium since LPME quantification is feasible under nonequilibrium condition, but LPME conditions and the extraction time must be carefully controlled and kept consistent throughout all the experiments. Since extraction time of 20 min represents a good compromise between a good extraction efficiency and an acceptable extraction time, the suitable time for one LPME operation is then adjusted to 20 min.
Linear range, detection of limit and repeatability
Under the above optimum conditions, linear range, detection of limit and repeatability were obtained (Table 2 ). Linearity was observed over the range of 0.1 -50 µg l -1 for four analytes. Coefficients of correlation (R 2 ) ranged from 0.9907 to 0.9985. The limits of detection (LODs), based on a signal-to-noise ratio (S/N) of 3, ranged from 0.02 to 0.4 µg l -1 . In comparison with previously reported LLE-GC-ECD method 1 and LPME-GC-MS method, 17 we obtained satisfactory LODs. To assess the precision of the measurement, the repeatability of the method was determined by performing seven times using aqueous standard solutions with 10 µg l -1 nitrobenzenes (except for 2,6-DNT in 3 µg l -1 ). RSD was found to be below 10% except that the repeatability of 2,4-DNCB was 12.0%.
Real water sample analysis
The proposed LPME method was then applied to analyze environmental water samples. Natural water samples were collected from Miyun Reservoir. Tap water was collected from a laboratory. The results for all water samples showed that they were free of nitrobenzene contamination. Reservoir and tap water were spiked with nitrobenzenes at 10 µg l -1 concentration level (except for 2,6-DNT in 3 µg l -1 ) to assess matrix effects. Because LPME is a non-exhaustive extraction procedure like SPME, the relative recovery, which is defined as the ratio of GC peak areas of spiked tap water extracts to spiked doubly distilled water extracts, was employed. 20 The relative recoveries for nitrobenzenes were from 82.6 to 118.7% in reservoir water and tap water. The results are shown in Table 3 . The results demonstrate that reservoir water and tap water matrices have little effect on LPME. 
Conclusions
Nonequilibrium liquid-phase microextraction technique coupled with capillary column gas chromatography was successfully applied to determine nitrobenzenes in drinking water. Extraction conditions, such as solvent selection, organic solvent dropsize, stirring rate, content of NaCl and extraction time, were found to have significant influence on extraction efficiency. The optimized conditions were 1.5 µl toluene and 20 min extraction time at 400 rpm stirring rate without NaCl addition. In environmental water samples, no nitrobenzene was detected. It can be concluded that LPME is a useful tool for the analysis of nitrobenzenes.
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